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(54) TWO-STAGE ACTUATOR CONTROLLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make easily identifiable the input/output 
characteristic such as gain or histeresis property of a fine motion 
actuator and also to make reducible the power consumption at the time 
of other than the reading operation or writing operation of data in an 
information recorder, 

SOLUTION: By a two-stage actuator control part 1, a coarse motion 
actuator mechanism part 3 and a fine motion actuator mechanism part 4 
are simultaneously controlled to apply a coarse motion actuator control 
signal and a fine motion actuator control signal which are different from a 
coarse motion actuator control signal 23 and a fine motion actuator 
control signal 24 applied in the case of head positioning operation. In this 
stage, the input/output characteristic of the fine motion actuator is 
calculated with a simple constitution by the two- stage actuator control 
part 1 in such a manner that the two-stage actuator mechanism part 2 is 
controlled by a coarse motion one stage servo system control part 10 
and a fine motion actuator driving signal generating part 12. Also, a power 
saving drive of the fine motion actuator is attained. 
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fi&i^^aX-^Igftfi^jmiS^ ^»7i7^a.X 
tTfitTSW^S 1 ffiftcD 2 ©7 2 ^iX-^ iWflfg 

So 

k tt esi^ 6 l fc^ft 7 ? =f- =l x- * mm t u 

H***5] mfie»7?5PaX-*Affi#}f£8B 

> (kpz t) &isirrs';ii£w«£-r*w#9i4K . 
*© 2 a 7 * a x- * mwmm* 
mil 

u_PZT(t) = kO - sin ( 2^f0 • t )•••<£ 1) 

fc«U u_PZT(t) ttttWTjr^-a.X-i'y-f >«fiffljB««^ 

fD = n /T 
n ttffiitcDfiESfc 

kO teles'! 

Kpzt = 

/ Z (PES(k'TVgO*ccs(27rfD-k-T)) 2 + £ (PES(k-T)/gO * sin(27tfO-k-T)) 2 
V 2 (V(k-T) * C0B(27tfD-k-T)) 2 + 2 (VOt-T) * sin(2«fD-k-T) ) 2 

• • • (5*2) 

fcfc'U k tttfX 4 /y< >tt^TO^^Wit>^'J>yt& 
(k=l,2, • • -jn m«kfX'/y'f >J|&|t7WM) 

PES (k - T) fcfc<\ . y K&Ba&gffl^ . . 

V (k • T) \mm 7 if a X- ? M w® * 

gO teJUifcifc fO T?«)ft«j 1 Rli— #*fl)X > 

tt, •*KljR-riClCJ:»3«ft7^?aI-d'Kft«^* »*«4|2«0 2K7^^aX-^«fSlgB„ 
±fi6U ^(C^1'iC3i5 c k^4t'.J;oT^»7^?a [&2] 



$ * 5> 7 2 5f a x- * mmtf's y H © h 5 ? ? H£Ib * 

ff&omm7>7?3.x-?mmffit^y ko»/j^»* 

ipfife5ftft7^5 i aX-^««»tA^*5 2g!7^5 1 
al-«i3i, B5fBa»7^5 1 aX-^«^('^ 

mmiz#'rz>MW7Tutf®mm£, &»7*3 i ax- 

9 mm®& =fc t«BB7 £ 7- a x- * «g#|g|S£ Mil 1" * ft 
9 ft fe&T § 2 &7 £ 7 a X- * ftffSB £ ft if X. S If $B 
I2g«©2g7^?aX-^$ijKgMtC^^T. 
fMB 2 &7 ^ 7a X- Mflff^ttCAtt J^fal- 

t mtS. -5 »»7 * 7a X- ? MM ^£ «fctf*I&7 ^7 7 
ftt-7^2g7i7^aX-7a®gM« 

r»*«2] ttm2m7?^*x-?ummt, mm 

X-^JffPgfi.. 

[W*«3] .tf^lS^^aX-^IHWflHa. 99 bB 
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u_PZT(t) = kO • sin ( 2nf0 • t ) • • • (s£ 1) 

ttiei: u_pzT(t) im®7 ??n.j:-*¥j>m&fnmmn 

fO = n/T 
kO &IE3£Siii*§ 

PZT_HYS(i) = Z PES(i- j • T) /gO/p • • • (5*3) 

V_HYS(i) = £ V(i-j-T)/p (i$4) 
j 

fc£U PZT_HYS(i) t±i#BCD'\>y Kfi:@iSllcDp^#(0^€ 
V_HYS(i) (Si#gO®i()7i'^X-^A^m^ p J§i#cr>¥*NI 
i=l~iV n «J3i£» fO £(CffiV>fcffi 



HJf#«7] HlifB2©'7^^aX-^i|jiJTO«. x- 

v-#wmw>tz®K)W7L%iWL/2fst.v- • 
» it tr #m * mftmvmm 7 * x 3. x- * MfiflM* & £ 

£ f § 7 K« CD 2 gt 7 £ x a X- * iHflSB. 

^B#T«i»»7^xiX-^$ijfflHi^$ 0 t-rs :ti 

Wtt tf 5 »*« 8 2 g7 ^ a X-* ffiffg 
[0 0 0 1 ] 

mm<D20<D7>7?3.X-?Zffi?itz2&7>73 L 3.X- 
? \Z J; r> T<\ *j Kttftft«flfl€fT & 3 2 ® 7 # x a X 
»U<tt. »ft7i7x:xX-*© 

3 tc Lfc 2 KT^xaX-^MfgigfiCWtS t)©T* 
5. 



[0 0 0 2]' 

WH¥2 -2 6 3 3 6 9#^«(Ctt. x 

SiOf-i'Ay K7-A*«fctf'\y 
EfSntHS. :©7-^A 7 F7-A*5,k£Pv;/ h 
ffi«ft»S«fi*OJ:5fc«j«snT(r»*. K7£ 

-tf'Sy KfcHAfctf— #7-A£, ffil£fi©x-*A 

nvcM (awaa-oi't-ao t^^^DitoT^ 

4. fLT-^writ- Sfcttx-^'Vy F#*7 

[0 0 0 3] 3 3 0 6 7 9^*Ctt, Ay 

Hfc*ftiWB©*»7*^:i/X-**Sttfcffl^&£ b 

x-*fc«fc^T***>fc&fifta£fTt>fc&, «»7^ 
fa x- ^ cfc o T B W<£> h 5 v * C ttfaT % J: 3 fcffi 

ftfc-S^L. IS»)7^X3.X-^^P>(D®|()1f#Sr^ta 

*x^e»C0M^^7>y-C ; iii|iS • ^figL, AD3>n- 

fi»tt«£7*X3.X-*K7*-hV'?.y#U 
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H2©77^:iX-7©lM!)[§lS§£> 2O077^aX 
-^©»fNW*»«T*n-/<X7^^t, Hi© 
7 7 =5- a X- 7 ©|g 2 © 7 £ 5=- a X- 7 <h ©ffi#Wfcft 

tT$fj&$ti. «»§§©ai^^mi©7^5 i 3.x-^iK 
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3tt*3R03t^» FC=fcoT^©ffi^£=ttf«±£fT? 

©ffii$ £ 0 5 J; 5 b tdftrJ 7 7 J; tt* © h 5 

fifi, 7 7-f >7£?aX-*£-&tf«»B»5K£:, a 
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r ; ftB&&£fi 1 froT^5„ 
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x-7Si|WgB©-^J^^T7*n.y7«^ElTS>?>„ $ 

*©A>y Kfes*j6 2S77^3.x-^$ijwgaii> ae 

*©2g7^faI-3'HWlbi 1 &MB7:f-D7 

mStlXKZ. ^*©2S77^aX-37$iJTOl b 
fi. fi»775 1 aX-7$iJfflISB4 3<!:«i)775 L a.X- 

2l£777aX-7M£SI$2tt 1 HIJ773 1 



aX-*&«g&3 M7^faX-^iM4 fc, 
mi©in#S)5 5t, fB2<ojjqKt.»6 <t. h^&x 

[0 0 0 9] ffi»j777aX-7*i«SP3«, 7*~7© 

©h^77^T^»)$-&S^«)©a«l775 1 aX-^^ 
f^TH^ ^©ftW77^aX-7i:LTii, VCM 
(Voice Coil Motor) ^T7t'>^ 

tf££&©fir>77^aX-7£fiitATV>3„ Il<Z>ffcJ> 
7 7^aX-7ibTtt, tl'/Jlff^VCMW* 
*#»lr»6nTH5. -©^Ki775 l 3.x-7«1iBH 

[0 0 10] h ; E'r;W»48R7«, 7t°>K;i/ 

©@^sa««i^£(c®st-§{ia^J6igK^s^$ 

1J*BHS*x;PfcL,&«^*ffitttta«* (7>^"7 
hflM*) 2 1 <tLT»^TSfc©'ea&-5 0 
[00111^1 6[«i7^faX-^*f,ti7 
4^aX-:J"M0f1UB#S, ^17tt»7^7al 
-^^bfi7?faX-5"\fflf^ffl^^LT^§. 
f # 1 8 Hftf7i'f iX-^©Miif . If 19 
TO»775 1 aX-7©^fe*«fe*So f?f 2 0IJ 
A y F&Wt#. ?f§2 l«fiB^affl#> H§2 2H 

[0 0 12] «l©fllJ|L»5tt, Il7^7aX-!?l 

«^3<h«»777ax-7 #s#ts& 4 1 tmm £ nfc*S ' 

*; 'vy H#tt«TS«»f*art'tHrt« , P*?K MfIX . 
7Dy7ia±Tteffil&77^aX-7feSl 8t»7 
7^aX-^{5Bl 9t©SP*^T'*-5o S§ 2 ©tjnJIgB 
6«« xY^>±C»*a*tlfc'lJ— jRfltaS^-y F# 

0, MS^P-y^itlJ'Ny Kftlif 2 0 tftW 
ftft# (5>^7 Fffif) 2 lOtDjfSffft^jWHE^T 

[0 0 13] -*©HfFB7^-D7t5]SSg|5 8B, fi»)77 
^aX— ^*fl|«BJ3©#cSl3jSEft©y>f >*TVf*7 V 
=f-74)\>*> (NTF) ^&ij7 7^aX-7«18®3^ 

©A^«^*ii'is-r?>7>7 (amp) m^mxxmis. 

SntHi. {&7j©ituB77a7lEM9(;i, «Ki77 

(NTF) ^««)77^aX-7«1«gB4-\ 
<DAt)^Zmm?Z>7>7 (AMP) f^fiTW 

[0 0 14] 2ft*- *«fP«2 7«,. ai*77^aX 
-^flf|gR4 3t®m7!7?3.X-?fflWm4 4*>S& 
-So ftl7^aI-?BM4 3«f?fS©tJ->7U> 

77^a.X-7$fJlia54 4 (ifiL«i775 1 aX-7 4 3,«t 
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hD-^T&So 
[0 0 15] WzWlftZmm-fZ* ti/i'fal-^ 
tiftfllffiSli. »»7£^aX-*Bi)ffl#l 4fc«Vv\ 

7 ^ 5P a X- * J$#ig|$ 4 <h rtM S nfcfif* t L T y 

[0 0 16] ki^^aX-^ftJflEPSM 3tt, Ay H 

»Sffif^2 2*A*tL*ft7^^.3.X-^ai«iaS30 " 
(*»7*^aX--*ffl?Pft<t) 3 4^Mt 
So m®«M17:f-n^l3Ka.8tt, ffi»7i75faX- 
^181^3 3^f>ft»7i'^aX-^ig»)ft^l 4^ 
Hfffi7^-P^lElSSgB9«»7^5 1 ^X-^ 
mWtm3 4*6ftft7^f il-^t«flt 14S± 
^TSo 2ftU— #«I»«2 7H:, ti7>.fal-i' 
ttfffflU 3 i*IS7i'^3LX~3'««»4 4 t*»6«fiK 
3ft. 2»7^f ; aX-^K«t«'\2/ PttBftdttfeft 

[0 0 17] 

2S:7*3 i aX--*ft|.flJSatt, *tftIl-*3© 
ffl .» fc«»7 ^ ? a X- 9 Aft ;Wtt©JIi,«Tf&Jffll * 

•O * 3R**«¥« ft fc 2 1* efc o T«ft 7 ? ?a X 
[0 0 18] !g2 0Fp1IB£tt. llTJ'fal-^li 
-€-<DSftte. 2g7^?3.X-37m« 

to «*RTMB 3 ftfc£^#»»7 i7 x - ^ 

t*»7^^aX-^«H)IBI5tC«k0t*ft< 

**#A5ftfco*»«-»-rsfc«>ftlS*l»:¥ia:**!^St& 

[0 0 19] Sg'3©ra«£te. 2g777^iX-^«^ 
lS7i/^aX-^«M)|0»^tjt 

©fca®7£^aX-*jWjto£ftT^*fc&T*-5. 
[0 0 2 0] 



©fi«ft«&«fll*|Sl±$-&Sfc*fc. »»)7i75faX- 
>^tXxUx7.#tt&£©AHJ:^tt£fgiii. 
ft IhI^-T 5 C £ **nJA!fc 2 S7 * J- =l x- 37 £ 
ffi«1-S'<!;ft*-5o £6.ft> '©BBJ©ffi©B»«, 

* iS« S it * Z. t Ifc 2 gk 7 £ a X- * flgffl gfi 

fcjfift-rsctft&a. 

[0 0 2 1] 

ft»#ai'ft««2a7^^ax-ri'««si«tt, x— 

[0 0 2 2] tffS2ft7i7^aX-^(fiH|S 
fitt. f-^OU-Ki^Jfett^-f h»fWftiP* 

7?? 1 aX-?©Affi^#tt£«;rf3££#-e : £. 2 

s^t^t#s. 

[0 0 2 3] n$&k2\Z&Z>2WL7WjLX.—9timik 
Ktt. W*mft#£2&7?5faX-^i|sJppSfift£ 
V>T> 2St7*^aX-*IWfiaHC«l&7*3 1 aX--*" 

[0 0 2 4] m&m2\ZWtZ>2Wt7!7 3 L a.X-5'mfflm 
g«, 2&7^aX-*ffl»8W*«»7?^aX- : $7 
Affl»»ttlt5£«fe«*, «Sbfc:ISS»)7i7.^aX-^ 

9 3=- -l x - * A Hi p Mr tt tf 5 o * ft & C T ft » 7 9 =f- a. 
x-^iH««^*t«iE-ractA*T*«. 

[0 0 2 5] tt#a3Cft3 2a7*?aX-*fM».g 
«tt, »*IR1 ft#£2|£7^5PaX-*fM^g«ft;fc 
WT, 2S7>5 L aX-^ftSHffl5*., 2S7^5 1 aX- 
^«W«*»fc*»fea»7^5 l a.X-^ai«|*fl!)*T?«| 
BKSftS lS7^5 1 aX-^^0«k5KIMI|-rsa»l 
Rtf— #MfW&, MK^^a*-**^ HffiSSS 
M<httffiift^»)-rs^l()7i7^aX-^iK«)m^fSft 

ast, .mm79?3.x-9MW§%t'\y \*iotwmt 

^e.a»7i7^aX-^Affi^#tt^*S-rS»7^7 
^aX-^Xa^^FttiiSfeaJfc. *^tfc«»7i7?a 

x-^oAte^ttft^UTy-f >*asft-r« msy'f 

[0 0 2 6] If*«3ft«S2S7775 1 aX-3'f)ilJ1Wg 
Btt, 2S7i7.5 1 aX-^$i]f|l^ > 2^7i75( 1 iX- 
^^^*^^fcft»7^aX-^^g|3©^T«$ 

ft-s ia7i7^ax-^^©j:5ftfiiffliu. mmr??- 

aX-^&/\y h*ffifiSHttt»4ftei6t, »7^ 
^aX-^ttHfl^t^-y Ktt»tt«fll^tj4»6«»7 
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CO 0 2 7 ] fi!^4i;;# / 5 2g7^iX-?fM#|lg 

-#£©X7-ffi^*^ I '>£ffl^T'Vy K&S^Uffl 
■5 1 iX-^e»(B^t^6*ii7^5 i iX-^Aa*4* 

[0 0 2 8] *#*4fctta2R7*?iX^*ffl*l8 
gtt, ftHlft*- Jl?*«DX7-rBE«*y-f >ftffiV»T [0 0 3 0] 

A-y KffiHK3S^6*ft7^f ; aX-^«fi**it)e C»3] 

u_PZT (t) = kO • sin(27tft)- t) 



[0 0 2 9] »*a5<C#?>2g7^^a.X-^S««g 

^T, *»7*^iX-*Afflrti§J£Wa*> ^K^fSC 
lC«fcO«»7^^iX-^Kftffi^*4l«U, 



(SC 1) 



fcgu u_pzt(o a.umT9*3.x~fy4>immnmmn 

tO = n/T 



Kpzt = 



2 (PES(k-T)/gO»cc6(2nfD-k-T)) 2 + £ (FESCk-T)/gO » sinftTtflHr'T)) 2 
Z (V(k--n * cckGti fD-k-T)) 2 + £ (V(k-T)*sin(2/rf0-k--n) 2 

• • • 2) 

(k=i,a- • -jn mttexyy-r >««hti»») 

k - t «ex>/y>r k-y>^g >tr&nmi 

PES (k • T) «A «y HttHKSflH! 
V(k • T){iSi»l7^^iX-^ 



[0 0 3 1 ] IC#3 2g7^fal-; 

Stt, SCI £<k0«»7*5 1 aX-*KiMg#££rit ' 
U j£2CJ;Dttft7*3 1 aX-*y'f >«*j6-r*c 

[0 0 3 2] 6 fcffS 2g7 * ^aX-^fftHSPg 



Btt, «#«3fc«S2R7^aX-*«|ipgttfci5. 
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■TS3*J;^iC4k:J:oT«»7i'?3.x-^©tX7 L 

[0 0 3 3] ' 
[»4]" 
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<$M2 0 0 0 -2 8.5 6 2.1 

I 



u_PZT(t) = kO ■ sin ( 2te10 • t ) • • • (5£ 1) 

fc«u u_pzt(o \mmT9?n.x-*?'(>mfemim®n 

fO = n/T 
n \Z&M<D&& 

kO «IE32&8I*I 

PZT_HYS(0 = S PES(i-j-T) /gO/p ••• (£3) 
j 

V_HYS(i) = 2 V(i-j'T)/p ••• (5C4) 



3t7^0. PZT_HYS(i) tti§gcDA..y Fttmg£0pRtt0>¥tiHI 
V_HYS (i) tt i #S C0mi*T * 7 a X~* At>fgn<D P 
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ft^-r bmftz-tim\z-?z2®i*)— ^mmmt. 2®. 
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5 1 St 7 * 7a X- * *> CO «fc 5 C ©JUT 5 ftfft 1 ftU— 
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*»7^5 1 aX-^««*B»»fPfi^«4«*«0*til 

[0 0 4 1] 

[0 0 4 2] 01ttC©^BJic^?>2^7i7^aX-^ 

01tt«»7^5 L jLX-^AHl*«ptt«l5eRf©2g!7^ 
7 a X- * ©JiPgfiCDjM 7* O 7 0 «J£ * 7K L T t>S . 
01 lC^T2^7i7^aX-^ftjiJfPg««. 2f£7?5P 
al^fMMU, 2&7^7aX-**$#|g|S2£ > 
ffl«j7^7aX-7ffl©H«B77D^|Hig§g|58 i, 
7 77 ^ 3. x- ? ffl © ffifi 7 7 P ^IsM 9 t 6. fc £ . 
[0 0 4 3] 2a7^faX-^«2lt 



(8) 



#B? 2 0. 00-285621 



[0 0 4 4] fiijT^nl-^HtfPfgBSti, VCM 
(Voice Coil Mo t or) -?>Xf7t>^ 

[0 0 4 5] a»7^?3.X-^«1i^3«, 

mr 9 =?a.x- ftmti 1 6 ttctoT^Ki^n 

81l7^fii-^«ttll 8*Hi2rr*. «»T^^ 
aX-^flM&BIUtt. fcl^^aX-^eiMi-Jll 5 
£<fc9$e£b£#£tt»l7*?:iX-*a>e©ffffi*J 1 

UJfcf*. SD#^5liai)j7^n.X-^^{4»l 8t 

2o*m*i-'5o 5>± r >h'%^7tt > mwiTz?^ 
x-tmmts^ 1 4 ^ijT^^x-^fgwfi-st 1 5 

2 1 JP*S|56 tt, 'Vy KffiB 2 0 fcffi 

gfl-SUi^2 lt<tD»$4M Ktt«H3SflM»2 2£ 

[0 0 4 6] 2S7^5 1 iX-^ftJ»aSltt» ft»7^ 

«*»4 0!)Am*wttic*i;Ty-f >**flj-r*ctcD 

4 SrA >y h*{MNSl£ffi# 2 2 ^ &®7 ^ - hV1 >y * £fr 

£g&12£, IS»)7£5FiX-*fOTHf^2 4tv; K 
&«R!SfiM§2 2 tfcS^Tlit^^iX-^Atti 

^tttt^jt^-rsaMJiy^^iX-^Xa^ttitsas 

1 3 £frt>tlZ>. 

[0 0 4 7] «L»1»U-*- ^MfPSl Oft. 

7^;i/^^>p i D$ij«^a^-7*if-A'^tt^*y+f 



«7^faI-^»ffl^ltI12ll Jl^M 
^n^»BfPai»fc»ffi^^-titCXoT«i)!i7^5 1 

iX-^igibA^ mm7t>3 L a.x~f"f-i >m%.mm 
x-^y-r >«ue«i 3«, aiftift-y— #*c*w-6 

t. mh7>7 93.x-9>?^>*mfe-tz>^®.t, t7 

[0 0 4 8] £ ftijiaU— JpiSIWai Ott, A 

[0049] ursey-f >*i 1 a. ai7?fai-^ 

Affi*#ttft£/8»««^2 5^£>»»;7^5P:iX-* 

[0 0 5 0] ttlftT^^a-X-^KftM^Jg^aH 2 
tt, a»7*^aX-*ttM»«3©#T#iIfti&£LT 

i>s««T±ffi* (gi^-trf) «»6©**c«i;t*» 

7?3 1 :iX-**#iaU£e»L'Vy Ktt«*"f 6f« 
Sj7^5P3.x-*Affi7j#tt«£fflMHt^2 

[0 0 5 1 ] »Kj7i7 5 1 iX-^Am^»ttft^l 3 

«, jtnA.e.n^«ti67^^a.x-^«iffli«^2 4tv> 

Hffi«KH«^2 2 t^?»a»i7i7 5 1 iX-^(7)Am^ 
fc»©«»7 , d/? 1 3.X-^y>f >&5£ffiff 2 6££j«U 
[0 0 5 2] nW)7 x.X-5>m<Dw!S:7t a >f\Bl& 

8(j> aft7^f L 3.x-^««iffl53©*ssjfe«oy'f 
>ST(fs;?f7^M (nt f) *A;&m#£«Hi 

-T57>7 (AMP) &£^£>18fi£LT^5. £~T\ 

H5S7^-n^iEis§^8tt, af^^x-^jwi^ 

2 3^A*UTa»7^^n.X-^ig»jfl^l 4£aj;b 

[0053] mm7??^x-?m<Dmw.7j-ny®& 

9 (J, »»7>^aX-*««.«4©#Hffi»8©y-f 
>SW5/^7-fM (NT F) ^A^M^£*t*S 
-TS7>7' > (AMP) fet'A^MLTl^. CZIT, 
HffS7^n^iHlS§^9«. flM^^aX-^ttflflHI- 
2 4$A^LTa»7i7?iX-^igftff^l 5££tJ# 

[0 0 5 4] Hll:Slfc»i*««t©ftfPS 
KWrs. a*, 2g7i'5 1 aI-J'l:J;5A7ra 

Kft«**3&«ff**)n*. o<D^Hj(c#§2^7i7?i 

x-*fM»gBTtt. ±fiil:iotfi7^fax- 
*AW##ttJt£3v>Ktf*36fr<*n*£. x-^©U 



(9) 



Wffl2 000-28562 1 



[0055] m2\3.mimmMmiz&rt%wm7z?^ 

7S3) . 

[0 0 5 6] Jfcfc. 03tC*-t2J£7^3.X-*$|#t 
«MWB2©»ff*RiH-r«. SK^^x-^ 3 

wu" vcm (HStt-f) K«tn*m*ic«:i;T. aar 

5 4^^«j7^^^X-^Bl»j^r6]5 6tC|g«j1-^o "\ 
7H5 7I1 filjT^^aX-^ 5 3i«»l7*?-aX 
'-*5 4£C<k0ffi:llife«>3n.5. r^^5 8lt X 

x-^t;ioT&lft6$nfc^«v K 5 7 tK»1r ?>§ 
[0 0 5 7] 01l:iL»7^3 : aI-3'ilI3 



-f 7. ir 5 8 ©SiK^ t U -7 ^'Sift-^^ y H ©tSt'l / -f 
Xfc 2 ©fegft fefSffi SrlHfc $ * 5 SB £ ^7 JWfc L- fc 
ffifi^aM^ (7>7<>hffi#) 2 1^tf5fc0T 

[0058] 01 ^Ltzmmr^^ ix-^jfl©fflfs 

77n^[I|j8gB8(i. fi»7^.7a.X-7 5 3 ©ffi«*> 
5 2^©±^il$)I|lBt5fei6©y -yf 7^;^ (N 
TF) t. D/Agft3nfcVCMIH»ffl#£«MB-r-5 
7>7° (AMP) t^S#|j«-r4. «»l7^g 1 3.X-^ 
ffl©WR77n^[§IS§g&9tt. M7^fai-^5 4 
©«E**^2*4J-©±*lg*fflIttf -5fc»© (NT F) 

mm-^yyzf (amp) tj&istiwws. 
[0059] cmu ' 

»#5 0 0Hzl:ft5J;5&P I D ftjfpgg <i , 2#C©tt 

«*yif-At^e«ij«"r-6. ^y-f>si5i ia, « 

»7i^iX-*Affi7li|#tt©S:fHfi OHM) 

[0 0 6 0] |17>faI-^»«W4fl 2 

HT, a»7i7^j.x-^yV >*^ffl»fiffl^2 5$ 

[0 0 6 1 ] 
[»5] 



u_PZT(t) = k0 • sin(27cf0- t) ■•• (Jtl) 
fcfc*U u_PZT(t) tt$»7? 7*X-?7-f>«£fflflD««# 

fO = n/T 
n «£jf ©g& 

ko itm^mm 

lo o 6 2] m®7.23 L zLX^?\mt)ft&mjz.Mi 3 -rs. 
«, «»7#^iX-*y<>*tj&$i::tt. ^ic^-rs [00 6 3] 

2 tI^>T«l7f f al^i'y'f >Kp z tfcjfcg [IS 6] 

Kpzt = 



£ (PES(k-T)/gO*ocs(27rfO-k-T)) 2 + Z (PES(k-T)/gO * sinGrctO-k-T)) 2 
S (V(k-T)*a)s(2*it>k-T)) 2 + 2 (V(k-D *sin(2n:fD-k-T)) 2 

(5£2) 

(k=l,2,- • • jn mtteX'/y-f>«SllETWJi!J) 

k- T Ut"x>/y-f >«*|S!j!&^k1J->7<J >d^ft©»a 

PES (k • T)te'vy Hfit(HH)« 

v (k • t) tt%»7 9 3-3. x-?mmn 

gO fifli£]gt ff)T©ffiSft 1 8W-*#0.i5-ff8¥y'f > 



(10) 



<&ffl2 000-285621 



[o o 6 4] mirffif&-znz>MW%i~&^r, wmr 



17?faI-^tH9!iA7 b*&«glM«^2 2 [$C7] 

PZT_HYS (i) = £ PES (i • j • T) /g0/ p 
j 

V_HYS(i) = Z V(i-j«T)/p 

J. 



»{t*c:ttj:oiiifrait34*"t?*s (02©x?-y 

7S3) „ ^(Dlg*. lffl*7*D^I§l»«fc£afc»Ib 
XttSl 9iMlb7^^^X-^|g»jA^2 4i^bS 
[0 0 6 5] £fc> »»7*9 1 3.x-*Alii#W.te«ij£ 
Ktt, #f~^T^3&£tffC5£4KS^T»7^ 
[0 0 6 6] 



(S3) 
(it 4) 



fc£U PZT_HYS(i) liiSBW'Vy F&S^©pMtt©¥*3« 
V_HY5(i) t±i#@CO^«j7^^3.X-^A^m#Op^«Wffl 

i= l~n, n ltm&®. fO t £ Kffl 

j=l~p. p testes fO<DIE3£«£pJi! 



[0 0 6 7] fcyfe, ISi)7i79 1 iX-^^W>M£fflJn 
Sffi^2 5<hLT, S 1 T^Ufc*-«»»OiES«E© 

ft^SiBSfl^'f >^MS^S E ttm to -5 «t 5 K 

tt, 5£2 C*r*lr>T«r£fflS*#K: y-f >*tt#-r* J: 

[0 0 6 8] H4fcm»Ufttf-#*t:*S0#*.;fc«. 
^J0T»»7^^aX-^y< >«^fflJDfift^2 5 

t&s. 04 (a) \mm7??*x.-$fflfflm^2 3 

©i^i«4 5$, 04 (b) t«»7^5 L iX-iS'SiJ 
M^2 4©i^S§'4 6$ > 04 (c) l^7Kfil 

Kpzt = 2.01 x 10" 2 ••• 



M2 0<D«fftf4 7S"SLTH5, 04tCi3t^T, 
«*tt!$M**U iiSftilfS04 (a) TUVCMWfti 

04. (b) THtiyifA^tEJ^ ^-tve'n 

[0 0 6 9] Rf*J0TSCl KS^THi*$nSB»!» 
£ n. ■ «»7 * 5 1 3. X- 37 flMftffi 4 7 

*^a.x-*ii!iini**«jB4 6K£oeirr*. mmo 

[0 0 7 0] IM&7^ai-*Affl#y^ 

sc5fc*-r«T*-5^. {4«^aff^"2 

£T*>, H4 DRftT^aX-^y-f^ 
(Kpz t) tta6K*T«£UT«t£«#f§en*.' 
[0 0 7 1 ] 
[» 8 ] 



«5> 



Kpzt = 



Z (PES(k-T)/gO»cC6(2rt(D-k-T)) 2 + 2 (PES(k-T)/g0 ♦ s1n(2*IO-k-T)) 2 
£ (VCk-T) *cre(27cfl>k-T)) 2 + 2 (V(k-T) * shGTtrfO-k-T)) 2 , 



[0 0 7 2] tfX^/s 
•5«^©tfX^A*^6MI 



= 2.01 X 10 2 

©k7«xU->7.!|ttt«S©lf)^(CO^T^BJ1-i.o -tt> 
7;M$*!j i (C^Cfe«[f)7^5 1 iX-^^i* , l 9£« 
8Hx&04©'\y HffifiKHffl^4 7 ^ f.taiS©iC 3 {C 



• • • (5£6) 

[0 0 7 3] 05(J«»)7i7^^.X-^©t7.7 l J >A 

aa»7^faI-^OT«^V_HYS (i) 
U ^ttM»7^?3.X-^^fi»PZT_HYS 
(i) k7f l J->^W4 8ll $£1)7 



§4 8 UbXf 'U ~>Zmfe®.&4 9 £ LTKStlSo 
[0 0 7 4] £©5Sf!k:#«2ll!7£3 1 aX--* 
fijffgt©^ 2 ©S«<i£El 6 ~H 8 UTKfli 

[0 0 7 5] H6ttfflttftfe£4tMt*i&f£££«0#* 
■5**e**»*.fc 2 ft7^aX-*M»gt*©:/n -7 2 
4#/&0T&3. 0 6fc^-r2g:7*3 1 aX--$'IHWg1f 
tt, 2S7^^3.X-^f»IWgei at, 2W7t>=}-3. 

&5. 2Wt7>7?-3.^-5>Wm%t>2tzZ>tf\Z&mB.T1r. 

[0 0 7 6] 2i7?faI-^|iMf ialt ffjffP 

tftraRfC«fP"r*2Sl'9— sRW»«2 7t, ft»)7^ 
f 1 a X - ^ «««5 3 © * JC «fc 0 y ' H *ff ft 5 

ai&lR-y— sHWWBPl 0 at, x-^ffl'J-K**^ 

* :PaX-*«i«|$ 3 ©IWWg^SSJ 0 #*.3«J#gB 3 

i^^OMSit, lW»«^©A*£*B»3#*.a£J#W 
3 2 t, *»7{'^3.X-^Xffi*1Wfelt^«f©IS** J 
$ tit I » 7 £ 5P a X- * A ffl * #tt« £g& 1 

3 at. mm7>7?3.x.-?Atiit>wmzfc£T>?-i y 
[0077] a» i s-y— jpiwua loan a»j7^ 

5 1 aX-^««W3©Wttk:^i;Ti8«-Ufc7 i ^3?^;i' 
■Br-f) j&>S©*^e£i;T«l&7*^aX-*««»4 

So 

[0 0 7 8] 1R>2S-!J— Jp«J»«|5 2 8tt. 

^-^©■J-KiifPftS^fiv-Y Mbft^frftoTUS 

^©SSfclCfcCT, S)#&3 0&53 2fc*fbia+) : - 

#*2a-y— ^©«j#fi^4 or^4 2 safesK-r*. 
m*ts8£» 2 9 mmtimm^ 3 5 s^att*. 

[0 0 7 9] ti7^faX-^«^Wgf3 0 14, ft 
9h7Z>?a.X-$>WWm i i%4 1 (CiSUTtlftlg+t— # 
S#©a»)7^^aX-^$iJ^{t^2 3t2gU-«© 
a»7 £ 5faX-^$iJWf ^ 3 3t^0 #*.Ttt»7 

-^fl#«J#g|53 H4, fi5&*j7^5faX-?^#{§^4' 

o cis vmmtimmis^ 35^2 g-y— ^m<otm 7 



1) 2000-285621 

Hffifisnff# 22^0 ^©^rn** 2 a*- sHfan 

' gPA^m^ 3 8 frGMtimftmo 1 RU— #$410 A ^ 
[0 0 8 0] fti^^aX-^ttRffiStfcl&T*?- 

a x- 37 fflggg 4 1 m w.7 1- o 8 1 mm 7 -r u ? 
nis§9 trnmiwrt- ^nmi 0 attt, z.<pmmo> 

»l**»!8i:n«©«ll«fr*. »7?fal-^ 
AtU^«p14*£^l 3 aty^ >1 1 atli, i©55M 
©H 1 £J6JBI8TM§Snfcte££ffi 2«U— 
®gB2 7«, tWAtf, 2R7*3 1 aX- : *IMm©:*- 

7>;i/-7lffl»*©1£n? 2 kHz Cft-3 

i?C. 2&©x>r i?*;i'*Wigfr5fcS«»7d73 1 a 
X-^ftm«4 4tS(^l!lff*^tr2*©x^>?^;i'®l 
»Sj&> 6 ft 5 a»7 37 ^a X- 37 fiHfflffl! 4 3 <t =fc 0 tttfiK 

[0081] *%w<Dm2mi&jem<Dmmz-D\,* 
Tmwrz. a*. 2g7^fix-^i: t t5Ayh , fi 

*£«»7*3 1 aX r -*©W#£Bl&UT'\y 

[0 0 8 2] 07«aSftf£i**#lbff££Wt>#;L 
5«fi6*IIAfc2g!!7>^.aX-5'fWffllSfi'©»ffSS 

&*W4, ±ffi*©ffr#T!4!MtaiMp;£fTfc 
3&B#a*a»£3!&>©*BST3 Uf7 7"Sl 
1) . **^»l^^ffftfeft^»^C(4 2S-y— tffHffll 

ff**ffbn* Ut77si2) o mmtimfc* 

T77S13) o ■?■©«, a».ia-y— #S!IMSK:«fcD 

£f&LtcnM7??3.x-$mwmntiamt)mmifn 
tfr<bt£%2m7>7?3.x-$mfflm^&±rfiirz> u 

f-^S 14). 

[0 0 8 3] @.8f4#**»#«#*ff&5 2g7^f 
aX-^WHS11©#fl|^©«fMJS«r'St»T*S. 

KfiBKSfll^aS» 5 0 . liJ^fa.X-^SiM 
tt»5 1, ^»7^5 : -aX-^^li)#'^«§5 2t4, ^ 
n^'n««^»#^#«:fTftofc«-&©'\>y KffittKM 
ffl^22, »«)777 5 1 aX-^igi)^l 4,MW]7f ■ 

[0 0 8 4] RpS0OTie/2g-y— #«#«2 8C«t 
*. 'vy Ktt«faifll^5 Ott, 2iW-#lW|l9Ctt 



(12) 



ttM 2 0 0 0 - 2 8 5 6 2 1 



iX-7gg»ffl^5 2«2©1J— #1$ (B*giJOJ^SfltB# 

0) tt^a|jtli/j;K »»j777-aX-7!IglMi 
^5 2 tt, B#^IOKirfe-5V^ill#SiJT OEUtljt'W Kffi 
*H:Wt2 2[-£i;£ai)777aX-71KS){l^ 

o * t tt o atm t) $ nx & o a» 7 7 5 1 a x- 7 

©iBfMtrtttOtfc*.- 
[0 0 8 5] 

«7-r htt.^fcftiAsfM»e^tttjia*fli^*^ 

1-«iLfc©^ ^S^faX-^OAffi^tt 

co 0 s 6] m$m2iz%%2m7?3 L a.x-$fflfflm 

gtt. 2]£777aX-7fBffl»l&»i777aX-7 

xaj*^tt*«BB*«A, «£L*:»»i777ax-7 

Aiti K £ C T*» 7 * f X- 7 fflfijfB^ $ £fls 

77f aX-7Affi#l#mib^{c«UT»j77f 

'[0 0 8 7] §i^3£^3 2l!S:777aX-7$iJffllg 
B«. 2^777aX-7it5flSra#. 2f7^fal- 
7a£*fc^fcft«j777aX-7$$3$©*T#l/£$ 
nsi|£77f aX-7fr©cfc5fcfOTU »ft777- 

fax-* AUJfcftttfcflijrrS C £#T'£5. 
[0 0 8 8] »^4iC^^).2®7^5 1 iX-^affllg 

'Vy FfeKS3^b«»77f ax-7^fi£*£#t£ 
U ^ft7^^aX-^K»«^ift^Ufea»)7^^ 
aX-73Efe*£^b^»7?7aX-7Affi;W14£ 
mSTS»fiSc«i:LfcWT, Ml)77f aX-7fE&g£ 
If j£ L fc±T«»7 7 fa x- * ffrJfUt^ to* tc Af) 

"CSS. 

[0 0 8 9] Ifr*^5iC$3 2g77f aX-7ffifflg 

iEftmz&%mM7 9 ^3.x-?mmm^frt>'®iW)7 2 



[0 0 9 0] M$g6 Cft* 2|£77f aX-7$iHa?S! 

&£fiSU W^UfcSC3*«tt;iC4K«fc-3T«»7^5F 
a X-r 7 CD t 7 7 U -> X * Jt j£f 5 <h L Ac <D 

[0 0 9 l]'lf*a7ic^-5 2g777aX-7©]ffllg 

2S7^5 1 a.X-^IB5*««*'»fPS-ti-S«iatLfcO 

[0 0 9 2] |fS8l;#S2t7^faX-^ai|g 
Btt, 2©777aX-7frJrax-7©y-FK)tf^ 

hmftz~sim\z?z2&y— xmmt* 2^77 

-5 1 J£777aX-7^CDcfc o CttWrsftft 1 Rtfr 

2^77f aX-7gKfiffi«;77f ax-7tl«g|5©*. 

Hu£ K ft3#*aK»m^fc J: 0 »7 7 7aX 
-7£ig»75$J&£L/fc©T% 2^77faX-7*iJ 

[0 0 9 3] W*«9 2^:773^ X-7/MWS 

S(i< x-7©U-F»fP£fc«5K h»fp*frfcfefc 

m»77f aX-7««^fS»l()^{t^^^0 SrttJ 
W«cLfc®7 2l£7^7aX-7f|jiJiPgg© 

[0 0 9 4] U±<D£o\ZZ\<D%W\Z%Z>2m72? a - 

SSftSc^T&S., »»77faX-7 

77f aX-7IK»im^Cg««e.t?^^t77 l J>'7 
if *»i7 f f a x- 7 A ffi * ^tt « C fcffllE * Jnx 
5 £ t (d«k D's^ F©S^Hj&VJn$ < ti^tzibXibZ, 
[0.0 9 5] m2(Dmm$* St«j77f aX-7Att5^l 

-> Ffittft»*ff&ofc±T^y Ffififtj&tauitca 

ft777aX-7IB»)«^^^1-§C:i(c=fc0, • 

• Lfc^«l77f aX-7^fea<h^6t»»77f aX- 

[0 0 9 6] K3.®*Mt», 2f7i?7aX-^»J»g 
.KcD?g5gm^^«bf' iT$.?.o fOlfill x-7 

±ffi*^S©^*t*S«^. 2^777aX-7«« 



(13) 



*#M2 000-285621 



[0E©fS¥ftSil8] 

[01] z<D%m\ztoz>2&L79 ! ?3.x-9igmmw.<D 

[03] 2a7^?aX-^«l1«ai5©«jfi**-rBiW0 
[04] 04 (a) UtftT^fal-i'lffltfS* 

tw»m.H4 (b) \mm7>7?^x-?MWfB 
mtTrstm^mm. 04 ( C > jj'w K<a««igm^ 

£jjVf«#i£J£0T*£. 
[0 5] «»7£5 1 aX-*©t;*7 L U>'X*HS:©Sij£ 

[0 6] z.<»%mz%%2mv?-^?--9W{®mm.<» 
[07] a#'»^t#**»f^t*«osAa«iffis« 

Afc2©7^^a.X-^§iJSfggO||i^^T7n-^ 
[0 8] *«73»f^«JS*ffS:5 2S7^^iX-^$iJ' 
08 (a) BAvHttlRiW, 08 (b) fctVCM 

xxm^. 08 (c) tttrx'/AaflreTfc*. 

[0 9] «(!)A7 h'fit»2S775 : 3l-?$iJS' 

1 eX'/7^^aX-^Am7jy-f >«^fl#(D2S7 
i7^aX-^$fJW^ 

la £*7jttfB$©2a72^iX-*IH»» 
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